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TO: Docket No. A-90-16

On August 3, 1990 I had a telephone conversation with
Mike Brady and Frank Krich of Chrysler Corporation. The call was
to obtain further information from Chrysler regarding their
theory as to why the catalysts efficiencies were better for
vehicles operated with MMT than for the vehicles operated without
the MMT.

Chrysler stated that without the MMT in the fuel any poisons
in the fuel such as lead or phosphorus will block sites in the
catalyst and make the catalyst less active. With the MMT in the
fuel Mn oxide acts as a scavenger and picks up the poisons such

as lead and phosphorus.

(SAE paper 821193 discusses this and is

attached.)

This activity will make the catalyst more efficient

since the lead and phosphorus won't block the sites.

The

phosphorus comes from the oil and lead, even at the low levels in
unleaded, has some effect.

Attachment
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Effects of Fuel Additive MMT
- on Contaminant Retention
and Catalyst Performance
W. B. Willlamson and H. S. Gandhi 4 | E. E. Weaver
Engineering and Reasarch Staft Automotive Emiasions and Fuel Economy Qffice
Ford Motor Co. Ford Motor Co.

ABSTRACT

Post-mortem analyses of 50,000 mi (80,000
km) vahicla-agad catalysts ravealed that the
usa of 0,125 Mn/gal (33 mg/L) as MMI (wethyl-
cyclopentadienyl mangauese tricarbonyl) sig-
nificantly reduceas phosphorus and zinc reten~
tion levels at the catalyst inlaeta by ~20-
fold and ~v5-fold, respectively, In subsequant
laboratory pulsator experiments the presence
of 0.016 to 0.157g Mn (as MMT)/gal (4 to 41
wg/L) isooctane fuel containing a 10-fold
excess of 2DP (zinc dialkyldithiophosphate,
source of oil P and 2n) similarly reduced the
ratention of P and 2n on TWCs by proportional
amounts, while the TWCs ‘maintained aignifi-
cantly higher 3-way conversions than in the
absence of MMI, The combustion of Mn from
MMT to very stable Mn30, probably sarves as
a scavenger in the exhaust for transporting
away fuel- and oil~derived catalyst poisons
guch as P, 2Zn, and Pb, Tha utility of the
laboratory results will require verification
in vehicle studiss,

WITH THE SIGNIPICANT REDUCTION in phosphorus
(P) levels in fual, poisoning of automotive
catalysts by P ia primarily atcributed to ZDP
(zinc dialkyldithiophosphatae) as raportad in.
Ganaral Motors studies on underbody pelleted
catalysts (1,2,3)* and 1in Ford studies on low=
tegperature applications of monolithic cata-
lysts (4,5). The formation of amall amounts
of amorphous zinc phosphates causes severe
deactivation at lower operating tamparatyres
by blanketing the catalyst surface (4),
Numerous Japanese patents have attemptad to
minimize che formation of glassy zinc
phosphates by altering catalyst formulations
(6) or by adding a getter device in the engine
oll recirculating system to reduce levals of
ZDP products (7).

Chemical effects of deposita from MMT
(nethyleyelopentadianyl manganese tricarbonyl),
& proposed octane improver, on autemotive
catalysts hava not been found datrimental to
catalyst activity, Engine taesting of first-
generation noble-metal oxidation catalysts
(COCa) yislded no evidence of chemical poisong
ing by MMT (8,9) at levels <0.125g Mn/gal (33
mg/L), but physical plugging of catalysts did
occur under some conditions. Laboratory sim~
ulation of automotive exhaust using pulse-
flame combustors burning MMI-containing fuel
(0.125g Mn/gal) did not show any chemical
poisoning of later generation threa-way cata-
lysts (TWCs) baeyond that cauied by the same
fuels without MMT (10).

A cooperative experimsntal program by the
Coordinating Research Council (CRC), involving
reprasentatives of tha aytomotive and petroleum
industries as wall as the EPA aud California
Alr Regources Board (CARB), undertook a compre-
hensive vehicle testing program (63 cars
accunulating ovar 3 million milea) to datermine
effecta of MMT on emission control systems in
1977-78 California Vehicles (11), The principal
conclusion of this study verified that the use
of 1/32 and 1/16 g Mn/gal (8.3 and 16.5 mg/L)
increased both engine-out and tallpipe HC
emissions when compared to clear fuel. Howaver,
catalytic converter afficiencies for HC wara
found 2¢3% higher with MMT fuels than with clear
fuele after 50,000 mi (80,000 km). Also, MMT
did not adversely affect converter afficiencies
for CO with COCa or TWCs, or NOx efficiancies
with TWCe (11,12,13).

The present studies provide & posaible
alternative solution in the event that catalyst

deactivation by oil~darivaed products from 2DP
becomes a problem, as in cases when excessive

*Numbers in parentheses designate referencaes
at end of paper.

0148-7161/82/1018-1193802 60
Copyright 1982 Saclaty of Automative Engineers, ine.
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M1 consumpcion combined with lower catalyst

. aratures cduses catalyst deactivation,

ﬁ‘ 2 usa of Mn (MMI), or perhaps an alkaline
earth oxide, could prevent the glassy zine
phosphate formation if it can be introduced

in goluble form as a compoment in the oil
additive package or in the fual. The amount of
guch a P scavenger would need to be minimized to
prevent its excessive accumulation on the cata-
lyet, which could also cause mass transfer
Iimitations or, in an extreme case, severe
plugging of catalysts. Accumulation of the
scavenger in the combustion chambar in tha

form of deposits can also increasa engine HC
emissions.

EXPERIMENTAL

CATALYST FORMULATIONS - Laboratory eval-
uations were conducted using a commercial
Engelhard TWC formulation, M~268D., having a Pt:
Rh ratio of 11:1, a precioys metal loading of
0.185 wt & Pt + Rh, and proprietary base-metal
oxide promoters., Catalysts were prepared on
Corning EX-20 monolithic supports having a cell
density of 49 square cells/cm? (300 cella/in?)
with 300 um wall thickneas. Cagglyat buttons
1.9 em dia. x 1.3 co long were used in the
laboratory studies. Fullesized, race-track
shaped croga-aection subastrates having volumes
of 1560 co” were smployed in the vehicle
avaluations,

LABORATORY STUDIES ~ Catalyst samples ware
aged on a pulee~flama reactor (14), The tach-
nique for pulsator durability and testing of
TWCs with air/fuel (A/F) modulation was described
previously (15). The pulsator feedgas composi-
tion during aging was 0,05% NO, 1.5% CO, 0.2%

HC (measurad as Cy), and 1,0% 0; (volume X).
During aging the catalyats ware cycled at
temperaturas of 3409, 5159, and 730°C for 17,
77, and 6% of the time, raspectively, In the
laboratory catalyst aging procaedure, the
simulated mileages are based on a 30 mph (48
kmph) [or 5000 mi (8040 km)/waek] steady=state
vehiclae operation at g nominal 40,000 h™ apace
velacity.

The simulated fuels for pulsator aging
utilized isocctane doped with 1.70g zDP (0.lbdédg
P)/gal (449mg ZDP/L) as a source of P. Thae ZDP
doped fuel contained V1O-fold higher P input
than what is considared a normal oil.consumption
of 1 quayt 01172000 miles (1L 011/3400 km). MMT
was then added at laevels of 0,157 and’/0.0l6g Mn/
gal (41 and &4 mg/L) to the 2DP-containing iso-
octane fuel. For the combustion of the non~
volatile 2DP, the pulsator combustion was modi-
fied with the uss of a nebulizer to inject the
LDP~containing igooctane directly into the hot
portion of tha pulsator furmace for combustion
>f the fuel. It should ba noted that in the
vahicle testa deseribed in the next saction, MMI
788 presant in the fuel while P and Zn daposits
Jara dertved from the ZDP antivear additiva
Jrasent in the oil, In pulsator experiments,

both MMT and 2DP were additives to tha {go-
octane fuel that was combustad in the pulsator,
Following the pulsator aging, the catalytic
steady-state ic:ivi:y wes measured at 5500C
and 60,000 h™* space velocity in-a separate
flow reactor system. A schematic disgram of
the apparatus and synthetic gas mixtyre uased
was described pravioualy (15). Propylene and
propana, representing fapt-burning and slow-
burning hydrocarbons, respectively, wera used
in a vatio of C4Hg/CqHg = 2, The activity and
three~vay selectivity of the catalysts are
reported as a parcent convarsion of NO, CO and
HC as a function of the radox ratio, R, of the
reacting gas mixture. (The radox ratio is a
ratio of the reducing to oxidizing components
in the gas mixture and is deteymined as followa:

00 + H, + 3nC H, + (3a+1)CH,

mh?
No + 20,

R=

Thus, R = 1 corresponds to a stoichiometric gas
mixture, while R > 1 yepresents an ovaergll
reducing gas mixture.)

RESULTS AND DISCUBSION

VERICLE AND ENGINE DYNAMOMETER EVALUATIONS -
Postemortem analyses of TWCa from & Pord fleet
ravealed that vehiclas operated on fuel cone
taining 0.125g Mn (MMT)/gal (33 mg/L) retained
substantially less P and Zn contaminants on the
catalyst after 50,000 mi (80,000 km) than
vehicles operated on fuels without MM in the
fusl, The 14 vehicle fleet was initiated by
Ford in 1978 at Southwest Research Institutse
in San Antonio, TX, for the purpose of teating
a synthetic oil &8 a candidate for an extended
oil drain interval (16), The flaat was driven
50,000 mi using an accelerated customer driving
schedula (Table 1) which accumularad 1000 mi/
week (1600 km) and was representative of 32%
highway, 62X euburban, and 6% city driving.
Analysis of the fresh vil indicated additive
metal concentrations of 1441 ppw P, 1613 ppm
2o, 1871 ppm Ca, and 8 ppm Mg. 011 and fuel
consumption results of four 5,0L Granadas
fitted only with Engelhard M-268D TWCs ara
ghown in Table 2,

Table 1 - Southwest Research Institute Accel-
erated Customer Drxiving Cycle

elinged (gph) Time

Trattis BB Aenm g O
Eudurban 0=45 30.0 105 %
Rest (Rogine 0ff) 0 0 13 0
fuburtan awad 6.0 20 )
Ciey 0=30 12.0 30 gh
Highway 45-40 48.9 8 2L
Tocal 8.6 216 100
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Taﬁie 2 ~ Effect of MMT on Contaminant Retention
on Catalysts® from Extended 01l Drain

Fleet
5.0L Granada ____P_ug_L__b M Contamingnt we X :
gl GEGED Gl  ma) EoB W
(213 - 16.5 5120 6.92 0.17 0.9
237 - 16.3 2330 1.48 0.3 0.02
[3Y] 0.125 14.9 1830 0.07 0.07 1.08

133 0.125 16,1 2080 0.06 0.07 0.88

—_—— e wew -

'znsuhué TWCa: Po/Rh o 11 @ 40 5/“3 loading

b50 ,000 mi avg,

X-ray fluorescance (XRF) contaminant
analysis of the four underbody TWCs from the
5.0L Granadas are also shown in Taeble 2 after
"50,000 mi. While P ratention on TWCs from
vehicles #36 and 37 was 0.92 and 1.48 wt X at
the inlet, respectively, the retentien on TWC
inlets from vehicles oparated using MMT fuel
was only 0.06-0.07 wt X P and “v1X Mn (not
sufficiant to increase back presaure). This
represents V15-25 fold less P ratantfon in
the presence of 0.125g Mn/gal fual. Similarly,
the retention of Zn on vehicles 36 and 37 de~
creased from 0.17 and 0,34 wt X, respactively,
to 0,07 wt % at the catalyst inlet when MMT
was present in the fuel. "On the inlet face
of TWC #52 the reteation of laad (Pb) was 0,10
wt %, which wes substantially lower than the
other 3 catalysts (0.5 wc ). Since the inlet
BET surface area of 2o /g was much lower than
the others (8-13 mé/g), this TWC may have
operated at a substantially higher temperature
which could result in lower Pb ratantion,

The beneficial effecta of MMT on reduciag
the contaminant ratention of P, Zn, and Pb on
monolithic catalysts is further demonstrated in
Table 3 by XRF analyses conducted by Ford Motor
Company on vehicle-aged Pt-Pd COCa from three
independently operated tast programs. These
results include COCa from two 351 CID 1975 Ford
Torinos (vehicles 1 and 2) which wara aged
50,000 mi at Gulf R&D using 91 RON Gulf unleaded
gasolina containing <0.005g Pb/gal (1.3 mg/L)
and <2 ppm P, with and without 0.125g Ma/gal.
Tast oil was Gulf SE Quality 1OW/40 containing
0.6 wt T P (17). Two 400 CID 1975 Fords
(vehicles 3 and &4) were operated by Ethyl Corp.

on an EPA-type 50,000 mi durability route (18).
TwWo 351 GID 197¢ Marcury Statiom Wagons

(vehiclas 5 and 6) operated by Clark 01l Company
accumulated 35,000 and 40,000 mi (56,000 and
64,000 km), respectively, using Clark unleaded
premium fuel containing ~0.083 Mn/gal (22 mg/L),

08/16/80  09:54 () EPA ANN ARBOR === FOSD (4005009
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Table 3 - Contaminant Analysis of
Vahicle=Aged COCs
.
Yord Vehicle fusl MMT - Contaminant we I
Ys D AraVh L)Y M P Py 5
1) 1978331 o.1zs 2.20 0.3 0.06 0.56 0.43
) " 5 0 0.i4 2,24 £.25 0,93 2.42
» 1975.400° 9,128 097 0.18 x  1.00 0.09 (LHS)

1,57 0.19 » 0.9 0,10 (RHS)

%) " 0 0.0 1,37 « 3.23 0.06 (LHS)
0.03 1,57 « 2,93 0.08 (RHS)

5) 1976-351°  0.084 0.61 0.06 0.03 0.63 0.01 (LHS)

0.65 0.07 0.0 0.35 0.01 (RuS)

6) " 0,084 0.99 0,10 0.06 0.27 0.01 (LHS)

1.0l 0,09 0.06 0,25 0.00 (RH8)

Aulf RED aged 50,000 mt
-

bE!hyl Cocp. aged 50,050 mi

Clark 011 Corp. aged for 5) 35,000 and 6) 40,000 s

Components in thae catalyst formulation
were present In similar amounts on tha agad
catalysts (e.g., “0.28 we % Pr, 0,14 wc X P4,
and 1,3% Ce), but contaminant ratantion of Pb,
P, and Zn was markedly less on the COCs aged
with fuel containing MMI compared te the un-
leaded fuels without Mn prasent, For example,
contaminant retention (inm wt %) on the 00Cs
from the Gulf test after 50K mi on unleaded
fuel averaged 2.24% P + 0.25% Zn + 0.93% Pb,
but only 0.56X P + 0.04% Zn + 0.56% Pb when
the fual algo contained 0,125g Mn/gal. Also,
comparably aged catalysts showlng higher Mn
déposits raetained corraspondingly less Pb,
e.g,, vehicle 5) versus 6),

The average Pb ratention ¢of 3% on catalyst
4) appears excessive (gradient of 5,2 to 1.8%
from inlet to outlet) in view of today's average
lavels of <0,006g Pb/gal in unleaded fuel,
However, the maximum allowabla Pb levels in
unleaded fual is 0.05g Pb/gal (19). Assuming
a consumption of 0,05g Pb/gal for 50,000 mi at
12 mpg, in 1975 for example, would reault in
~210 g Pb input to the engine. In this cesge
with 3 wt Z Pb retained by 2500g of catalyst

(1.a4,, V758 Pb total on two catalysts), this
correaponds to “36% Pb retentfon by the catalyst,

a typical value, By comparison the 1 wt.% Pb
retained on catalyst 3) is significantly
lowared with the use of MMT and would corre-
spond to only V12X retention of Pb input by
tha catalyst,
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Table l..-, Effect of MMT on CVS Efficiencies
(2.3L Slava Vehicle) and Contaminant
Retention of 50,000 mi Vehicle-Aged

TWCaé
Durability Fuel WE  CVSCH 2 Conv.®  Contaninsng ve &°
vangeie® ml) K @ g, B 2 om
» 0.128 0 65 N 26 .08 L0

1» 0 52 k) 43 W3 .29 07

)

“rngetbare 80 1) e Pe/hh 11 @ wogsfed

B5000 1» Fords. 400 ¢1p

Cle. 3 cests/cacalyat on 2.3L slave vehicle with feedbaek carburacor

‘Avs. of inlet, middle, and outlyg peccions

A corralation of catalyst performance
with contaminant retention is shown in Table 4
for TWCs vahicle-aged for 50,000 mi durability
in a 1979 Ford flaeet test (20), Catalyst
durabilities for 50K vehicle mi were completed
on 5000 1b vehicles having 400 CID engines with
feedback carburetors., Results are shown for -
80 in’ TWC volumes pared down from original
9% 1n3 TWCs in order to directly compare with
othar emisaion aystems. Tha CVS~CH efficienciag
of the TWCs were than cbtainad using a 2,3L
slave vehicle with a feedback carburetor.
Vehicle 2P used fuel conteining 0.125g Mn
(from MMT)/gal and retained 1.10 wt X My
after 50,000 wi, but retainaed only 0,05 wt 2
P comparad to 0.29 wt X P for TWC 1P, TWC 2P
also retained iess Pb than TWC 1P, The lower
contaminant retention levals of Pb and P seanm
to corralate with better CVS—CH efficienciaes,

LABORATORY EVALUATIONS - In subsequent
laboratory experiments, a TWC was pulsator
durability tested for 15K simulated amiles
(Tabla 5) using isooctane containing 0,625g
MM (0.157g Mn)/gal and 1.7g ZDP (0.l44g P)/
gal (considered v10-fold higher than normal
oil consumption lavals), The stabiligzed
conversions of 72X NO, 76% CO, and 78% HC
(500°C, Rw1,15) indicate substantially improved
activity when compared to 34% NO, 54% ¢0, and
412 HC convarsions (Table 5) observed over the
same catalyst aged at the sawe ZDP levals, but
without MMT present in the fual., Steady=state
catalyst activities following LS5K simulatad
milas (Fig, 1) also indicate improved catalyst
aceivity during lean conditions and at peak 3-
way conversions, and improved NO and CO con-
varsions during rich conditions for the catalyst
aged with tha MMT-containing fuel. The addition
of MMT at 0.016g Mn/gal also improved substan=
tially the NO and HC pulsator couversions with
intermediate levels of contaminant retention,
Steady-state conversions ware nearly identieal
to that of the 0.157g Mn/gal aging,
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Table 5 - Effect of MMI on TWCs® Pulsator-Aged
in the Presence of Excess 011 Phoa-
phorus (ZDP)b

’

Fuel e Contami H 3 i
D408 T onvarsion
Alk/ssl T o oom EiZ"?ﬁL"EE
rd
a) 9 Las 916 .- % (YRS
B)  0.016 0.91 0.i9 0.0} 68 T

e} w1y 0.06 0,02 0.10 n? 76 78

Stagelbard ™Ca: Pe/mh v 2 2 aog/ted loading

‘ .
Catalyse sgingi 415,000 sioulaced miles (0013 uBing Lsom¢iane
cancelolng 1.7g ZOP {D.144g P)/gal wick the fndicaced My concentration

astivity msasuremenca:  $00°C (937°); nomtnal 30,200 b*) spece velocity;

pulsarse mogdulseisn of Tt 1A/7, 0.5 e

. The light-off activiry (% conversion as
@ funttion of temperature) of the aged TWC
was improved when aged even in the presence
of 0.016g Mn/gal (Fig. 2). The temperature
for 80X HC convarsion was "“455°C whan the TWC
was agad with ZDP doped fuel (Fig. 2a), but
only “420°C when the ZDP doped fuel also con—
tained 0.016g Mn/gal. Conversion temperatures
for NO and CO were corregpondingly lowared by
N50°C for aging with MMT-containing fual.

XR? analyses indicated 1.66 wt % P and

0,14 wt Z Zn retention levels for the catalyst
exposed to ZDP doped fuel (Table 5). When
0.157g Mn/gal was added to tha ZDP doped fuel,
tha catalyst retained only 0.06 wt ¥ P (v25-
fold lass) and 0,02 wt % Zn (“7-fold lass)
while retaining 0.0 wt ¥ Mn, IR analysis of
fuel combustion products indicated the presenca
of an acidic phosphate identified 86 ZnHyP20,
by ZRD. Mn products were present but not
identifiable,

CONCLUDING REMARKS

Tha "citalyst enhancement" phenomena
(12,21) which resulted in the 2-3% HC improve-
ment in catalyst efficiencies in the CRC study
(11) as well as the apparent beneficial effacts
obseryed in this study can perhaps be attributed
to the scavenging effect of MMI' combustion
products (22). Manganese in MMT ic converted
during combustion to Mn30, (8,10), a very stable
end product whose intaraction with catalyst
components would be minimal, Since Mn was not
found chemically associsted with P to any
significant extant in the combustion products,
it 15 momt likely that Mn10, probably serves
a8 an adsorption site for gaseous contaminants
present in the combustion such as Pb halides
and Zn phoaphatea, The fluffy MMT combustion
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Fig, 1 -~ Effact of MMT on the steady-state NQ, CO, and HC asctivities of M=268D TWCe pulsator aged
500 h (~15,000 mi) using iscoctana containing (A) 1.70g ZDP/gal; (B) 1.70g ZDP + 0.157 g

Mi/gal

products have a lowar density and higher surface
area which would be advantageous for transport-
ing away contaminants such as Pb, P, and Zn.
This mechanism would ba effective as long as
catalyst retention of Mnj0, 16 not so excessive
as to result in mass transfer limitations om
the catalyst.

The vehicle data presented using 0.125g
Mn/gal indicates retention levels of 1-2% Mn
on the catalyst while reducing the levels of
P, 2n, and Pb contaminants. Use of 0.125g
Mn/gal for 50,000 mi at 12 mpg (1975 estimate)
would result in “v520g Mn input. The retention
of 2 wt 2 Ma on a 1100g monolithic catalyst
reprasents 228 or only 4Z of the imput Mn
retained by the catalyst compared to Vv35% Pb
retention in the -absence q; MMT. This low
retention of Mn is indicative of imert products
which are oaly physically deposited and not

chemicelly bound to the catalyst surfaca.
The beneficial effecta of lower conccm&:}u_mt

retention with {mproved catalyst performance:

‘were aevident in‘this laboratory study through~

out the range of 0.016 to 0.157g Mn/gal, How-
ever, gince the ugse of MMI at the highar levels
(e.g., 20.03 Mn/gal) rasults in increased HC
vehicle feedgas levels, adverse engine deposits,
and potential catalyst plugging, the optimum

Mn levels would be those whare the scavenging

»

B

for Pb, P and Zn occur with minimal formation
and retention of excess Mn40, deposits. The
use of Mn at even the low level of 0.0l6g
Mn/gal ae demonstrated in these laboratory
studies may lower the retention of contaminants
and thereby retain better catalyst performance
in vehicle usage. Lower levels of Mn would
also decrease the well documented pogsible
effects of M40, deposits which may plug
catalysts and oxygen sensors, as wall as
inerease combustion chamber deposits giving
rise to higher HC fecdgae levels.

The present laboratery data indicate
improved catalyst efficiency due to decreased
poisoning by P, Pb, and Zn when using MMT
even at levels as low as 0,01ég Mn/gal.
Ultimarely, however, the practieality of
these opportunities for using Mn as an octane
improver, as well as a scavenger of catalyst
poisons whan necessary, will requive verifi-
cation by vehicle testing,
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- _us on Deactivation of Monolithic Three-Nay

Catalysts," submitted for publication.
Toyo Kogyo Co,, Ltd,, "Exhaust Gas Purging

. Catalyst without Phosphorus Poisoning,"
Jw « Kokai To!

kkyo Koho (a) 80,079,046;
(b) 0,139,841, (c) 80,149,648 (1980,

(A) 1.70g ZDP/gal. (8) 1.70g ZDP+ 0.016g Mn /gal.
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Fig. 2 ;;Effecc of MMT on the light-off activities of M~268D TWCs pulsator gged 500k (™15,000 mi)
4 = uaing iscoctane containing (A) 1,708 ZDP/gal; (B) 1.70g ZDP + 0.0l6z Mn/gal.
REFERENCES
1., J. A. Spearot and F, Caracciclo, "Engine 7. Toyo Kogye Co., Ltd., "Prevention of
01l Phosphorus Effects on Cetalytie Con- Poisoning of Exhaust Gas Catalyst,"
“varter Performance in Federal Durabilicy Jpn. Koka! Tokkyo Koho 80,151,109 (1980).
: and High-Speed Vehicle Teats, SAE Paper 8, J. E. Faggen, J. D. Bailie, E. A, Desmond,
- 7170637, 1977. and D. L, Lenane, "An Evaluation of
2, F, Caracciolo and J. A, Spearot, "Engine Manganese 8¢ an Antiknock in Unleaded
041 Additive Effects on the Deterloration Gasoline," SAE Paper 750925, 1975,
of a Stoichiomatric Emissiong Control 4, J. B, Moran, "Environmental Implications
(C=4) System," SAE Paper 790941, 1979. of Mn ae an Alternate Antiknack," SAE
3. D. R, Moarce, “"Phosphorus and Lead Poison- Paper 750926, 1975.
ing of Pelleted Three-Way Catalysts," 10. K. Otto and R, J. Sulak, "Effects of Ma
e ~ SAE Paper 800859, 1980. Deposits from MMT on Automotive Catalysts
&, H, 8, Gandhi, W. B, Williameon, and J. L. in the Absence and Pregence of Other
Bomback, "Deactivation of Thyee-Way and Fuel Additives," Enviren. Sci, Technol,
Oxidation Catalyst Dual-Bed Emiseion 1978, 12, 181,
i Control Systems: Catalyst Post-~Mortem 11, J. D. Benson, R, J. Campion, and L. J,
7. Analyses from Methanol-Fueled Vehicles," Painter, "Results of tha Cnordinacing
. Appl. Catel., 1982, 3, 79. o Research Council MMT Field Test Program,'
. 3. M. B. Williamson, J. Parry, H. 8, Gandhi, % SAE Paper 790706, 1979,
( aud J. L. Bomback, 'Effects of 011 Phosphor- § 12, J. §. Wallece and R. J. Garbe, "Effects
t

of MMT on Exhaust Emiesions," Automotive
Eangineering, June 1979, p. 62 (SAE -~
Paper 790707),




P.10

13

14,

15,

16.
17.
18.
19.

20.

21.

22.

D. L. Lenane, Discussion of "Combustion
Study of the Deactivation of Three-Way
Catalysts by Manganese (MMT) and Lead (TEL),"
by J. W. Duncan and J, N. Braddock - BAE
Papar 820277, 1982 BAE Congress,. Detroit,
Febmty l982-

K. Otto, R. A. Dalla Betta, and H. C. Yao,
"Laborgtory Method for the Simulation of
Automobile Exhaust and Studies of Catalyat
Poigoning," APCA J, 1974, 24, 596,

H. §, Gandhi, A. G, Piken, M, Shalef,

R. G. Delosh, '"Laboratory Evaluation of
Three-Way Catalysts," SAE Transactions
1976, 85(2), 901, SAE Paper 760201.

G. Chui (Ford Motor Company), private

‘communication, January 1981,

J. F. Wagner (Gulf R&D), private communi-
cation, March 1977.
D. L. Lenane (Ethyl Corp,), private

‘communication, July 1976.

Federal Register 40, 27590 (June 30, 1975).
E. P, Holiday, M. C. Parkineon, and

C. E, Totzke, "1979 TWC Durability Fleet
Final Report," (Ford Advanced Engine
Enginearing Office),

G. A. Hughmatrk and B, A. Sobel, "a
Statistical Analysis of the Effect of MMT
Concantration on Hydrocarbon Emtssious,"
SAE Paper 800393, 1980.

E. E. Weaver, in "Trauscript of Proceedings
Before the EPA," June 28, 1978, 2, 110,
Waghington, D.C.

o

- -




